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ABSTRACT 
 
This project investigates the recent trends in the placement of permanent survey 
marks in Queensland, and reviews suitable methods of connecting cadastral surveys 
to these marks. Many organisations utilising land information now require more 
accurate spatial data for their operation. This necessitates the cadastre being 
accurately connected to the geodetic mapping system which means coordination of 
land boundaries. 
 
To achieve the above aim an overall review of the existing Survey Control Database 
(SCDB) has been made, both in the field and related to the various directions given to 
Surveyors. The survey control infrastructure of two areas in South East Queensland 
has also been analysed.  The methods employed in the past for connection of surveys 
will be analysed to develop the most suitable and cost effective method for today. 
 
The initial results show that to provide suitable and efficient connections between the 
survey control and land boundaries, there must be appropriate regulations and shared 
responsibility between surveyors and Local Authorities.  A major consideration in 
applying new regulations is the cost and the expected timeframe for results to take 
effect.     
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CHAPTER 1 
 
INTRODUCTION 
 
1.1 Background  
 
In Queensland the current requirements for the placement and connection of 
permanent marks primarily aim at improving the relationship between land 
boundaries and the State survey control network.  The State legislation and 
regulations that have been implemented should encourage surveyors to connect new 
surveys to the state control.  The reason for this is to provide a better integration 
between surveys on a large scale.   
 
Coordinated Permanent Survey Marks (PSMs) will determine the future integrity and 
density of the State control network. The Surveyors Board of Queensland and the 
Department of Natural Resources and Mines formulated ‘Directions to Surveyors’ in 
1998 which require surveyors to connect to two permanent marks for all registered 
surveys. These regulations have affected the development of the State survey control.    
 
When surveyors do connect to the survey control network, it usually requires them to 
undertake additional work which the surveyor may find hard to justify.  However, in 
the long term, a coordinated cadastral framework will be developed which will 
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greatly benefit surveyors. Surveys that are connected to the control network will 
provide surveyors with coordinated parcel boundaries and a highly integrated 
geodetic control framework which is a fundamental requirement for an automated 
system. 
 
Currently in Queensland, land boundaries are defined by measurements to 
monuments and plan dimensions.  Many systems throughout the world have 
concentrated effort in developing a survey accurate map base of land parcels that 
encourage the use of coordinates for boundary definition and reinstatement.  The 
development of a cadastre that is related accurately to the map grid will also be tied to 
the global geodetic system.  Any governing body that controls the land of Australia 
will require accurate spatial information in the future. 
 
1.2 Research Problem and Scope 
 
The regulations and legislation for the placement of permanent marks have not 
adequately encouraged surveyors to connect surveys to the state control.  Regulations 
that were enforced in 1998 required surveyors to connect to at least two permanent 
marks for every registered survey that affected the cadastre.  These regulations 
greatly increased the cadastral connections to permanent marks but not necessarily 
the observed coordinates and heights for these marks. 
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1.3 Project Aim 
 
The aim of this research project is to investigate recent trends regarding the 
placement and connection of permanent marks in Queensland and to determine 
improved guidelines for connecting to cadastral surveys.  To achieve this aim, a 
review of the ‘Survey and Mapping Infrastructure Act 2003’ and an investigation of 
the present Survey Control Database (SCDB) will be undertaken. 
 
1.4 Research Objectives 
  
The objectives of this project are to: 
 
• Investigate the current and previous Cadastral and Survey Co-ordination 
regulations and legislation. 
• Analyse two Local Authority areas of the SCDB history to determine why a 
large percentage of the permanent marks being placed are connected to the 
cadastre but not being coordinated. 
• Analyse the Database to measure distribution and density of coordinated 
marks. 
• Analyse results and evaluate different methods for the connection of cadastral 
surveys to state control. 
• From the results, propose improved guidelines and methods to coordinate 
surveys. 
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1.5 Justification 
 
The importance of an accurate digital cadastral database is increasing with the 
advancement of efficient Geographic Information Systems (GIS).   There has been a 
trend towards integrating all land data to a global grid network.  Over the last ten 
years there has been development toward this end; however it is a gradual process 
that needs a foundation of suitable and efficient regulations.   
 
PSMs form the base for the State Survey Control.  The coordination of these marks 
will determine the future integrity and density of the state grid control.   
 
1.6 Research Approach 
 
Analysis of the recent history of Queensland’s SCDB will help to determine why the 
aims of the previous regulations have not been entirely achieved.  Investigation will 
be made into the recent patterns of connection to permanent marks of two areas in 
South East Queensland.  This analysis may assist in developing improved guidelines 
for coordinating and connecting cadastral surveys. 
 
Survey practices concerning the connection of surveys to the Australian geodetic grid 
will be addressed, as it is the surveyor who is responsible for these connections. The 
availability and accuracy of GPS (Global Positioning Systems) will be investigated as 
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one method of connecting to the grid. A tighter link between geodetic and cadastral 
systems will result in more accurate map grid coordinates for cadastral points. 
 
The Queensland Digital Cadastral Database (DCDB) and the SCDB will be 
interrogated using ArcView to analyse the current records.  The main objective of the 
database analysis is to investigate the distribution of coordinated survey marks within 
certain areas of Queensland.  This will attempt to identify reasons why so few PSMs 
have been coordinated and to investigate regulations or survey practices that may 
encourage surveyors to connect surveys to the map grid.  The need for a survey 
accurate DCDB should be an incentive for all parties involved to update the SCDB. 
 
The research for this project focuses on the recent patterns of placement of permanent 
marks in areas of South East Queensland.  The main areas of study are Beaudesert 
Shire and Gold Coast City.  This will give an indication of the development of the 
State Survey Control and its involvement in the process of connecting surveys.  
 
These two areas were chosen as they are adjoining local authority areas but are 
comparatively different in land use.  Beaudesert Shire is mainly rural and semi-rural, 
whereas the Gold Coast has a majority of high density residential.  Analysis has been 
done using data from the Queensland SCDB and DCDB.  
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1.7 Summary 
 
The SCDB is used to manage the geodetic survey control information for which the 
Department of Natural Resources, Mines and Energy (NRM&E) is responsible 
(Survey Infrastructure Act 2003).  Geodetic information relates to the precise 
measurement of points on the Earth’s surface.  Measurements of the earth are 
becoming homogenous with the development of GPS and the adoption of a common 
geocentric datum. 
 
The aim of this project is to develop processes and recommendations that increase the 
accuracy, usefulness and accessibility of digital land information.  A reliable and 
accurate cadastral database will aid future development and planning processes.  This 
project is an investigation of methods to encourage surveyors to connect and 
coordinate cadastral surveys.   
 CHAPTER 2 
 
LITERATURE REVIEW 
 
2.1   Introduction 
 
This chapter seeks to review and analyse the previous work of other professionals in 
the area of cadastral coordination and survey control infrastructure.  The aim of this 
chapter is to recognize the main issues regarding the placement and connection of 
permanent marks.  It will also review preceding regulations and legislation 
concerning the connection of cadastral data to the state control and analyse the results 
of these regulations. 
 
An outcome of this chapter will be a greater understanding of previous attempts to 
connect PSMs to the cadastre, the consideration of coordinating marks to the map 
grid and an investigation of other methods that have been implemented by other 
states. 
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2.2   History of the SCDB 
 
The SCDB is a computer record of the State’s geodetic survey control infrastructure.  
The Queensland SCDB contains information for over 120,000 control marks 
throughout the state.  The data that is stored in this database includes vertical and 
horizontal coordinates, cadastral connections and other administrative information for 
the control marks.  
 
 The foundation for a survey accurate cadastral mapping system is a reliable State 
survey control.  The State survey control is comprised of a network of physical 
ground marks with spatial and non-spatial attributes.  These attributes are recorded in 
a database that is maintained by the state government.  The most common 
monuments in the field that reflect this database are PSMs. Engineering, mapping and 
topographical surveys rely on using PSMs for a connection of height as well as 
horizontal position.  Cadastral surveys primarily use the PSM horizontal attributes; 
however heights may also be used for cadastral surveys such as Volumetric Format 
Plans which require Australian Height Datum (AHD). 
(http://www.nrme.qld.gov.au/property/titles/rdpp/part_10.html) 
 
The current survey control infrastructure in Queensland provides a positioning 
network for environment and resource management, mapping, cadastral and 
engineering surveys.  Because there is no regular inspection of PSMs, it is not known 
how many have been disturbed from their original position.  The Department of 
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Natural Resources, Mines and Energy (NRM&E) reported only 11.5% of PSMs were 
visited in 2001-2002. (Scotney, 2003). 
 
This is only a portion of the marks used by surveyors during this period. If all visits 
were recorded, it still would not completely verify the integrity of the marks. To 
suitably verify a permanent mark, the process would be rigorous and expensive. 
Visual inspection of a mark does not guarantee that it is undisturbed.  On new estates 
most of the lots will quickly have houses built on them.  Any PSMs not on concrete 
structures will be vulnerable to movement.  New housing estates have heavy trucks 
constantly working in these areas.  If the ground is damp, the mark may be moved 
without showing any obvious physical damage. 
 
The recent history of the SCDB will help to determine the results of previous 
regulations and why the original objectives of PSMs have not been entirely achieved.  
After the development of regulations in 1955 that supplemented the ‘Survey 
Coordination Act 1952’, placing of PSMs became a common practice. Many PSMs 
were placed for construction purposes such as sewerage and railway surveys.  In 
these cases, the position relating to the construction was the criterion rather than a 
stable location. Some of these marks are still in existence, but their reliability may be 
considered doubtful.  
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2.3 Concept of a Survey Accurate DCDB 
 
The DCDB is a computerised map of all land parcels in Queensland. This Database 
has been developed primarily by digitising the survey maps which has limited the 
accuracy of the digital boundary information.  The accuracy of the DCDB is being 
improved by using survey control data together with land boundary information. 
 
The connection of cadastral surveys to an accurate and consistent survey control 
network improves the integration of cadastral survey information into the DCDB. 
This will improve the spatial accuracy of the DCDB, which could potentially increase 
its applications and therefore broaden the benefits which can be derived from it.  With 
the system of digital lodgement of cadastral survey plans becoming a reality, surveys 
that are connected to the state control will integrate better with the DCDB. 
 
Presently in Queensland, cadastral boundaries are defined by measurement to local 
monuments and occupation, rather than their relationship to marks with known 
coordinates. For this reason, most cadastral surveys can be undertaken without 
geodetic connection. The development of a survey accurate map base will be an 
initial step towards surveyors being able to define land boundaries by coordinates.  A 
tighter link between geodetic and cadastral systems will result in more accurate map 
grid coordinates for cadastral points. 
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2.4   Legislation and Regulations 
 
The ‘Survey Co-ordination Act 1952’ was introduced to enhance the permanency of 
survey marks. In 1955, Regulations for the Act were gazetted and a sincere effort was 
made to implement this Act.  This act has been replaced by the Survey and Mapping 
Infrastructure Act 2003 which has been passed by Parliament and came into effect as 
of 1st August 2004. 
 
2.4.1 Survey Coordination Act 1952 
 
This act dealt with principles and standards concerning surveying and was used to 
define the legislative requirements for geodetic connection of cadastral surveys in the 
past.   
 
Section 3 (Definitions) of the ‘Survey Coordination Act 1952’ states: 
“ ‘State control survey’ means a survey of high precision being carried out at 
the direction of the chief executive for the purpose of establishing permanent 
marks to enable surveys throughout the State to be coordinated.”  
 
This definition shows that the primary aim of the state control survey is to develop a 
coordinated cadastre throughout the State.  The control survey would form the 
foundation of a survey accurate DCDB.   
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This act made provision for Proclaimed Survey Areas (PSAs) throughout the State.  
The definition of these areas will be discussed later in this chapter.   
 
2.4.2 Survey and Mapping Infrastructure Act 2003 
 
The main purposes of this act are stated: 
 
“(1) The main purposes of this act are to provide for the following –  
(a) developing, maintaining and improving the State survey and mapping 
infrastructure; 
(b) maintaining and improving cadastral boundaries throughout the State 
and information held by the department about the boundaries; 
(c) coordinating and integrating survey and mapping information; 
(d) improving public access to survey and mapping information; 
(e) defining administrative areas, and describing and working out 
administrative area boundaries.” 
(Surveying and Mapping Infrastructure Act 2003, (Qld), s.3.1)  
 
These purposes are to be achieved by developing new standards and guidelines for 
achieving an acceptable level of survey quality.  The establishment and maintenance 
of PSMs and the recording of survey and mapping information in the appropriate 
State Datasets also help to achieve the above aims. 
(Surveying and Mapping Infrastructure Act 2003, (Qld), s 3(2)) 
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2.5 Proclaimed Survey Areas 
 
A definite step in connecting cadastral surveys to the map grid was introduced in 
Queensland with the setting out of PSAs. The ‘Survey Coordination Act 1952’ states:  
 
“in any area where permanent marks have been placed specifically for such an 
area, or if there are sufficient permanent marks established by local surveys, 
the Governor in Council may, by a published proclamation, declare such area 
to be a proclaimed survey area” 
 (Sec. 12, Survey Co-ordination Act 1952).  
 
There have only ever been five Proclaimed Survey Areas in Queensland which are: 
 
Port of Brisbane 
Beenleigh 
Toowoomba/Drayton 
Ipswich 
Boonah 
(Dore, B 2004, pers. comm., 28 August) 
 
These areas were established for the purpose of connecting all registered surveys 
within the defined area to the Australian Map Grid (AMG).  This task was made 
possible through the establishment of a network of PSMs that were accurately 
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coordinated to the map grid. All surveys within these areas had to be connected to the 
mapping grid by specified procedures.  
 
All Proclaimed Survey Areas in Queensland have lapsed since 1999, due to the 
operation of a sunset clause on all subordinate legislation in the Statutory Instruments 
Act 1992.  The Survey Operations Manual (SOM, section E3 11.12) states that ‘All 
PSAs established in Queensland under Section 12 of the Survey Co-ordination Act 
have lapsed. Therefore, no additional requirements exist for surveys within these 
areas. However, the requirement to connect to two permanent marks on cadastral 
plans remains.’ 
 
2.6 Datum 
 
The Geodetic coordinates for the Australian mainland, Tasmania and close inshore 
islands are to be computed using the Geocentric Datum of Australia (GDA94).  This 
datum was proclaimed in the Commonwealth of Australia Gazette No.35, on the 6th 
of September 1995. 
(Standards and practices for control surveys (SP1) V1.5) 
 
2.7 Traditional Cadastral Surveying Techniques 
 
Having obtained the current plan search data, the surveyor will use various methods 
to connect to the PSMs. The surveyor may connect to two existing PSMs, or they 
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may establish new PSMs and connect to them. He/she may use a Total Station, tape, 
robotic instrument or GPS. The type of mark will vary also. It may be a simple screw 
to a standard brass plug. In certain areas they may range from a star picket to a 
standard deep driven steel rod. Sometimes existing concrete will be used, in other 
cases they will be placed in new concrete. 
 
Cadastral surveying uses either a combination of GPS and traditional methods or 
traditional methods alone. However, total station traversing and traditional surveying 
techniques remain the dominant method of undertaking cadastral surveys.  For this 
reason a surveyor undertaking a cadastral survey can provide a cadastral connection 
to a permanent mark much easier than observed coordinates or reduced level.   
2.8 GPS  
 
With increasing availability to the private user and decreasing cost in receiver 
hardware and software, GPS still has the highest potential benefits to the Spatial 
Industry.  The surveying profession has witnessed the increasing capability and 
widespread use of GPS for surveying operations over the past 15 years. 
 
Even with the advancement of GPS, coordinated ground control is needed for 
accurate survey work maintenance.  Whichever system is used to define boundaries, 
reliable survey control is needed.   
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2.9 Access to Data 
 
To do a survey which connects to State control, the surveyor has to first access the 
DCDB and the SCDB to obtain the current plan and PSM data. Therefore surveyors 
are continually drawing from and adding to both databases.  
 
The government databases can be accessed through an internet group such as 
Australian Business Research (ABR), search over the counter at a Lands Department 
centre or use a search agent. There is a standard fee charged for the searched 
information, to be paid to the NRM&E. 
 
The NRM&E have invested effort in making data more accessible to the public.  
Under new access and pricing policy the Queensland SCDB and DCDB have been 
made available on CD at minimal cost.   
 
2.10 Other Areas 
 
Other states have had similar experiences.  The concept of Proclaimed Survey Areas 
has been introduced in other States of Australia. 
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2.10.1 Victoria 
 
The Survey Coordination Act of Victoria requires all surveys within that area to 
connect to MGA (Map Grid of Australia).  With the introduction of GPS and the 
GPSNet base station network, the MGA coverage of much of Victoria is improving. 
(TRAVERSE magazine 2002). There are approximately 170 proclaimed survey areas 
in Victoria (www.land.vic.gov.au 2004) 
 
MGA connection is mandatory in Victoria under the following circumstances: 
• Surveys 10 Lots or greater 
• Surveys less that 10 lots where existing coordinated marks are within 500m of 
the survey or within 3 instrument set ups  
• For surveys greater than 10 lots and there are no existing coordinated marks 
within 1 kilometre, then the Surveyor General will aim to establish 
coordinated marks within 14 days at a suitable location to the survey. 
(Surveying – Current Requirements  2004) 
 
The Victorian survey control network is a state wide network, comprising of 
approximately 137,000 physical ground marks.  Approximately 40,000 of these 
marks have AMG coordinates and approximately 23,000 have MGA coordinates.  
  
 
 
Chapter 2: Literature Review 18 
2.10.2 Western Australia 
 
The Land Surveyors Licensing Board of Western Australia is directing more 
importance on re-establishing land boundaries through the use of permanent survey 
marks.  More reliance will be made on map grid coordinates and on the more 
permanent Standard Survey Marks (SSM's) because of the declining permanence of 
traditional survey reference marks.  
( 2004) 
 
2.10.3 South Australia 
 
South Australia has designated survey areas that require certain standards for 
connection to grid coordinates and meridian.   When carrying out a survey within a 
designated survey area in South Australia, the surveyor must comply with the 
following requirements: 
- Connection to at least three PSMs or two PSMs and one State survey mark for 
which the AMG coordinates are known 
- The survey must be oriented and scaled to suit the coordinates of the PSMs 
(Survey Regulations 1992, www.parliament.sa.gov.au, 2004) 
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2.10.4 Northern Territory 
 
‘The Northern Territory’s survey accurate coordinated cadastre will underpin the 
spatial aspects of cadastral reform and greatly enhance the value and capabilities of 
all spatial data sets held by the government.’  (Cadastral Reform in the Northern 
Territory, 2001 Update, p 1) 
 
The Northern Territory (NT) has developed Coordinated Survey Areas (CSAs) that 
are based mainly on town or regional precincts.  Surveys performed in these areas can 
be entered into the DCDB at high accuracy with minimal adjustment.  The NT Board 
of Surveyors have recognized the benefits of having a survey accurate DCDB and are 
working towards this goal. 
(Cadastral Reform in the Northern Territory, 2001 Update, p 10) 
 
2.10.5  New Zealand 
 
The control network of New Zealand has designed permanent mark densities so that 
the vast majority of boundary marks would be no more that 200m from a control 
point in urban areas, 600m in peri-urban areas, and 2km in rural areas.  
 
‘A high integrity geodetic control framework is a fundamental requirement for 
the automated system. The framework is used to reliably coordinate cadastral 
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marks on a national basis and allow surveyors to locate and connect marks 
with confidence.’  
(Automation of the New Zealand Survey System, 2002, s 2.5) 
 
2.11 Reference Objects 
 
ROs are usually elevated objects such as Television and Radio towers or Church 
Steeples. ROs are useful in surveys where the meridian is required to be on AMG or 
MGA and the RO is visible from the subject area.  However, if the coordinates of the 
RO are unknown or the site coordinates are unknown, a reading to the RO must be 
shown on an original plan.  This connection will only provide AMG meridian.  If the 
coordinates of the RO are known, a map grid connection can be made from one 
coordinated ground mark and an elevated coordinated RO.   
 
The use of ROs is possible in specific areas, however the survey control infrastructure 
in Queensland has not  provided for the establishment of many coordinated ROs.  
 
2.12 Summary 
 
The aim of this chapter was to identify critical issues concerning the current survey 
control infrastructure and to introduce methods of connecting surveys through the 
survey control. Recognizing main issues affecting the placement and connection of 
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permanent marks is an initial step in reviewing and improving the survey control 
infrastructure. 
 
This chapter was an investigation of previous attempts to connect PSMs to the 
cadastre, methods that have been implemented by other states, and the consideration 
of coordinating survey marks to the map grid. 
 CHAPTER 3 
 
RESEARCH APPROACH 
 
3.1 Introduction 
 
The aim of the investigation was a comparison of two adjoining Local Government 
Authority (LGA) areas in South-East Queensland that have different land use and 
survey control density.  The two main areas were analysed using ArcView enquiry 
tools to determine overall PSM density, history and integration with the cadastre.  
The Gold Coast and Beaudesert DCDB from NRM&E was transformed from 
geographic coordinates to MGA coordinates using ArcView ToolBox software.  The 
DCDB in MGA format was imported into ArcView and the SCDB for the two areas 
was overlayed.  The data was separated into individual themes according to the 
attributes of the marks. The areas have been compared according to Survey Control 
infrastructure and Council regulations.   
 
The main research is centered on the method of placement, density and position of the 
new PSMs with respect to existing marks in the Beaudesert Shire and the City of 
Gold Coast.  
 
Chapter 3: Research Approach 23 
3.2 Review of Current Situation 
 
The research analysis of this project is designed to investigate recent placement 
patterns of PSMs by surveyors and to determine if the current density of PSMs is 
appropriate for future surveying activities and integration with the cadastre.   
 
Currently the main function of PSMs is to provide a reliable datum both horizontally 
and vertically for surveys. For the field surveyor to facilitate data integration and 
digital cadastre updates, issues such as density, suitability and stability of marks need 
to be addressed as well as the access to the information and the maintenance of the 
infrastructure.  (Scotney, 2003) 
 
The Surveyors Act 2003 and the Survey and Mapping Infrastructure Act 2003 have 
been in operation since 1st August 2004.  The supporting regulations for these acts are 
the 2004 Survey Requirements from NRM&E.  These regulations form the basis for 
the connection of cadastral surveys to the State Survey Control.  There is a growing 
recognition of the need for surveyors to be aware of the importance of connecting 
surveys to the State Control Survey.  This is seen here in the latest regulations -  
 
“To facilitate reinstatement of a cadastral survey and integration of the survey 
into the State control survey, a cadastral surveyor must make connections to a 
minimum of two (2) permanent marks on all surveys to be lodged for 
registration. This requirement includes surveys on Standard, Building and 
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Volumetric Format plans. It is preferred that connections to existing PM’s be 
made in lieu of placement of new PM’s.” 
(NRM&E Requirements for Surveys, 2004, V2.3, sec3.26.1 p34) 
 
3.3 Study Areas 
 
The two main areas to be studied are the Beaudesert Shire and Gold Coast City.  The 
Gold Coast is primarily an urban area and has a heavy reliance on tourism.  
Beaudesert is rural and the main industries are rural farming, light industry and 
tourism. Four smaller development areas within the two authorities were analysed to 
obtain a localised picture of the patterns of recent placement of PSMs by surveyors. 
  
 
Figure 3.1 – LGA areas and Case Study Areas 
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The above figure (3.1) shows the locality of the case study areas in Beaudesert and 
Gold Coast. 
 
3.3.1 Beaudesert Shire 
 
Beaudesert Shire is located 60km south of the Brisbane CBD and 70km west of the 
Gold Coast.  The area covers 2850 square kilometres and contains 2500 PSMs.  Over 
the next decade, approximately 20,000 people are expected to move into the shire.  
The population of Beaudesert Shire has more than doubled in the past 12 years to a 
current population of about 54,000 people (2004). 
(http://www.environs.org.au/site/images/assets/member_profiles/Beaudesert.htm) 
 
3.3.2 Beaudesert Survey Control History 
 
There have been pockets of GPS control network placed in areas of the Shire.  These 
include Canungra, Tamborine, Boonah, Coomera and connection with Gold Coast, 
and a survey for first order photo control performed in January 1977 by the 
Department of Geographic Information (DGI).  This survey was undertaken primarily 
for mapping purposes and connected by trilateration methods.  (Mustart, P 2004pers. 
comm., 8 September).  These marks form the majority of first order control marks in 
Beaudesert Shire. A PSM coordination project has also been performed by NRM&E 
for the Glendowa Dam project (Gray, D 2004, pers. comm., 8 September). 
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The State Geodetic Network is based on 100km, 25km and 5km density areas 
(Cooper, K 2004, pers. comm., 1 September).  In Beaudesert a regular pattern of First 
Order PSMs are distributed throughout the shire with second, third and fourth order 
marks concentrated to the north of the region.   
 
Beaudesert Shire Council is in the process of converting the GIS (Geographic 
Information System) data from AGD (Australian Geodetic Datum) to GDA datum.  
For new subdivisions the council GIS department imports the surveyor’s digital plan 
for as-constructed information as an overlay.  When the final plan has been lodged, 
the updated DCDB received from NRM&E is compared against the initial overlay of 
subdivision.  DCDB information is used as the primary digital cadastral information.   
 
The primary concern for the council is accurate data for the purpose of asset 
management and to ensure that the services information is in correct relationship to 
the boundaries.  Digital information from surveyors or engineers is lodged with 
council when civil works are completed.  The subdivision parcel boundaries are also 
lodged with the council as the parcel boundaries may not be included in the DCDB 
for up to 6 months.  This time delay causes problems with council works. (Mustart, P 
2004, pers. comm., 8 September) 
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3.3.3 Case Study - Flagstone Development 
 
 
Figure 3.2 Flagstone Development (UBD, 2003) 
 
The above Figure (3.2) shows Flagstone estate (circled) and the proposed 
development stages to the west.  The adjoining parkland and railway corridor restricts 
easy access to surrounding development and PSMs. 
 
The survey control in this development consists of all standard type marks.  
Inspection of the area showed relatively low inter-visibility between marks 
(approximately 20%).  No marker posts were found on any PSM and no marks were 
found by quick inspection of slow drive by. 
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3.3.4 Case Study – Cedar Vale 
 
 
Figure 3.3 Cedar Vale Development (UBD, 2003) 
 
Cedar Vale is located in the northern part of Beaudesert Shire and has access to Mt 
Lindesay Highway which is the connecting highway from Brisbane to Beaudesert. 
The circled area in the above Figure (3.3) shows the section of the estate that has been 
investigated.  The map also shows sections of unsealed road that are now developed 
areas.   
 
This development in the Beaudesert Shire is a relatively recent development and has 
continuing subdivision stages adjoining it.  It also has a higher density of PSMs than 
the majority of the shire.  Almost 90% of the marks placed in this development are 
standard type marks and all the marks are in good condition. 
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3.3.5 Gold Coast City  
 
The Gold Coast has an area of 1375km2 and an approximate perimeter of 236km.  
The total number of marks in the Gold Coast is 9063 with 7300 of these marks 
recorded as in good condition. Analysis of the SCDB over the Gold Coast region has 
been done to define the density of survey control, type of marks placed and attributes 
of the PSMs in this area. 
 
A GPS network was formed in Albert Shire in 1992.  In 1995 the Gold Coast and 
Albert shire combined, forming the Gold Coast City.  After 1995 the Gold Coast City 
Council provided free GPS coordinates for surveyors placing new PSMs.  This was 
primarily for surveyors to provide as-constructed information in AMG format on a 
new subdivision. (Kennedy, B 2004, pers. comm., 6 September)  
 
 The coordination of PSMs connected to the survey provides the surveyor with an 
efficient method of providing MGA datum.  A project to develop the accuracy of the 
DCDB in the Gold Coast was performed over a period of 6 years.  The DCDB now 
has an accuracy of 0.1m in well developed areas.  (Kennedy, B 2004, pers. comm., 6 
September) 
 
The primary incentive for increasing the accuracy of the Gold Coast DCDB is asset 
management.  The need to overlay and import design and as-constructed information 
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into the GIS system in the correct relationship with the boundaries is of increasing 
importance to the Council. 
 
For the purpose of increasing the DCDB, the Gold Coast region was classified into 
rural and urban areas.  The Council set up an in-house system to increase the 
accuracy of the urban areas to 0.1m accuracy.  The NRM&E worked on increasing 
the accuracy of the rural areas.  The accuracy achieved was much less than that of the 
urban areas.  (Devin, K 2004, pers. comm., 8 September)   
 
The Gold Coast City Council has had PSMs placed by contractors during the 
construction of structures such as bridges and new roads.  Approximately 10% of 
these marks have been connected to the cadastre, however a large proportion of the 
marks are being coordinated by the council. 
 
3.3.6 Case Study – Windaroo 
 
Figure 3.4 Windaroo Development (UBD, 2003) 
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The Windaroo development is located in the north-west section of the Gold Coast 
City.  The circled area (Figure 3.4) shows the study area.  The growth of this 
development has been restricted by the Albert River to the east and the Beaudesert-
Beenleigh road to the west. 
 
The Windaroo area was chosen because of the high density of PSMs and the majority 
of its subdivisions being developed between 1982 and 1984, prior to the regulations 
which required surveyors to connect surveys to two PSMs.   
 
3.3.7 Case Study – Robina 
 
 
Figure 3.5 Robina Development (UBD, 2003) 
 
Robina is a new development situated in the south-west section of the Gold Coast 
City.  Figure 3.5 shows the subject site and the surrounding infrastructure.  The 
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Robina Shopping complex (Town Centre) adjoins the site to the north-west and the 
Pacific Highway to the west.  Two waterways run through the development. 
 
The development period of this subdivision area was from 1999-2003.  Twenty two 
PSMs have been placed since 1999.  The survey control consists of 90% mini-marks 
with 95% of the marks recorded as being in good condition.   
 
3.4 Analysis Process 
 
Analysis was done of these four case study areas primarily by investigation of PSM 
distribution and placement during the subdivision period.  The distance between 
marks, proximity to existing marks, type of marks and geodetic attributes of the PSM 
have been compared. 
 
To investigate PSM placement in Beaudesert Shire, areas of recent subdivisions five 
lots or less have been investigated.  Analysis of the number of marks placed and the 
distance from the survey site was done.  A total of 51 surveys have been analysed 
throughout the Shire.  
 
3.5 Local Interviews  
 
A cross-section of the local surveyors were interviewed to obtain an opinion of 
coordination of PSMs. Twenty two surveyors were contacted in July 2004.  Various 
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aspects of placing and connecting PSMs were discussed.  The aim of the interviews 
was to discuss the type of PSMs most commonly used and the surveyor’s opinion on 
the stability of marks.    
 
3.6 Summary 
 
The results of the analysis of the case study areas and questionnaire will be shown 
and discussed in the following chapters.  The analysis is concerned primarily with the 
condition of the marks, horizontal position and connection to cadastral boundaries.  
The current concerns regarding the placement of permanent marks in close proximity 
to existing marks will be addressed through the analysis of the four case study areas.  
Attributes such as observed coordinates and height are important factors to be 
considered in determining the integrity of survey control network, however for 
cadastral purposes local horizontal connections are the main consideration. 
 
The following chapter will discuss the results of the analysis of surveyor’s practices 
in the placement of permanent marks in south east Queensland. 
 CHAPTER 4 
 
RESEARCH RESULTS 
 
4.1 Introduction 
 
In this chapter the results of analysis of the case study areas and the questionnaire will 
be addressed.  The case study analysis is based on density of marks, type of marks, 
and the number of survey plans registered within the development.  The purpose of 
the questionnaire was to determine the opinion of mini-mark reliability, as well as the 
importance of coordinated PSMs.   
 
The analysis was conducted on the databases through the use of Microsoft Excel 
spreadsheets and ArcView GIS software. 
 
4.2 Beaudesert and Gold Coast SCDB 
 
Analysis of the recorded PSM conditions in Beaudesert and the Gold Coast show that 
the Gold Coast has a higher percentage of destroyed PSMs than Beaudesert. Of all 
recorded PSMs in the Gold Coast, 15% have been destroyed compared to 5% in 
Beaudesert.    
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Table 1 - PSM Conditions in Beaudesert and Gold Coast 
 
 Beaudesert  % of total Gold Coast % of total 
Total Number of marks 1708 100 9063 100 
Buried 15 1 47 1 
Damaged 3 0 12 0 
Destroyed 77 5 1320 15 
Disturbed 4 0 28 0 
Good 1571 92 7551 83 
Not Found 31 2 91 1 
Unstable 7 0 14 0 
 
The high percentage of destroyed PSMs in the Gold Coast, as recorded in Table 1, 
may be due to the increased property development in the Gold Coast in recent years 
as the majority of the destroyed PSMs are in the development corridor.   
 
In Beaudesert, 1254 PSMs (73% of all PSMs) have been visited since they were 
installed; 559 of these visitations were recorded from January 2000 to present.  The 
records reveal that in the Gold Coast 6964 PSMs (77%) have been visited since they 
were installed and 3904 of these visitations are recorded from January 2000 to 
present.  These results show a significant number of marks have been visited in the 
last four years in both rural and urban areas. 
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Figure 4.1 - Trend in Observed Coordinates since 1998 
 
In Beaudesert Shire only 14% of PSMs installed since 1998 have observed 
coordinates, however 95% have cadastral connection.  Since 1998 there has been a 
56% decrease in observed coordinates, whilst cadastral connections have increased by 
30% since 1998.   
 
In the Gold Coast, 33% of PSMs installed since 1998 have observed coordinates; 
95% have cadastral connection.  Since 1998 there has been a 55% decrease in 
observed coordinates, whilst cadastral connections have increased by 27% since 
1998. 
 
Chapter 4: Research Results 37 
These figures reveal that the 1998 regulations to connect surveys to two PSMs has 
significantly increased the percentage of new PSMs having cadastral connections and 
decreased the percentage of new PSMs having observed coordinates. These results 
also indicate that the majority of PSMs are being placed primarily for the purpose of 
cadastral connection. 
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Figure 4.2 - Number of marks placed in Beaudesert and Gold Coast 
 
The above graph (Figure 4.2) illustrates the pattern of PSM placement in the two 
regions.  The fluctuation of PSM placement in the early 80’s and 90’s is related to 
development patterns.  There was no significant change in survey regulations during 
the time periods of 1980 to 1984 and 1992 to 1996. 
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4.3 Survey Control Density 
 
Figure 4.3 - PSM distribution in Beaudesert and Gold Coast. 
 
The above diagram (Figure 4.3) illustrates the density of survey control in the two 
areas, and the 500m radius around all PSMs in good condition.  The average density 
of PSMs in the Beaudesert Shire is 0.6 PSMs/km2, compared to 6.6 PSMs/km2 in the 
Gold Coast City.   
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Figure 4.4 - Distances between PSMs in Beaudesert and Gold Coast 
 
Figure 4.4 illustrates that in the Gold Coast the percentage of PSMs that are located 
within 200m proximity of another PSM is 80% with only 35% of PSMs in Beaudesert 
being within 200m of another PSM. 
 
The results of this graph show that the current distance between PSMs in the Gold 
Coast is of sufficient density in most areas for survey control purposes.  
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Figure 4.5 – Proximity of new marks to existing marks – Gold Coast 
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Figure 4.6 – Proximity of new marks to existing marks - Beaudesert 
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These two graphs (Figure 4.5 & 4.6) show that the number of marks being placed 
near existing marks is not greatly affected by the density of existing PSMs.  The same 
percentage of PSMs have been placed within 250m proximity of existing marks in 
both Beaudesert and Gold Coast.  This also shows that a large proportion of PSMs are 
still being placed in very high density areas such as the Gold Coast. 
 
4.4 Local Interviews  
 
Twenty-two surveyors in South-East Queensland were contacted in July 2004 to 
discuss various aspects of placing and connecting PSMs.  The questionnaire was 
comprised of four questions concerning the type of marks being placed and the 
opinion of coordinating PSMs. 
 
Questions were as follows; 
Q1     TYPE OF MARK MOST COMMONLY USED (Mini-Mark or Standard)? 
Q2     MARK MOST PRONE TO ERROR (Mini-Mark or Standard)? 
Q3     SHOULD ALL PSMs BE COORDINATED? 
Q4     WHO SHOULD PAY FOR COORDINATION?  
 
The majority of surveyors interviewed believe that all PSMs should be coordinated.  
From the interviews, it was revealed that 62% of the surveyors believe that the 
Government should be responsible for the provision of costs for the coordination of 
PSMs.  10% thought the surveyor should be responsible, and 30% were unsure.  
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Figure 4.7 - Mark most prone to error 
 
The popular opinion that the standard type PSM is the most stable is shown in figure 
4.7.  Surveyors in the private sector rarely had the opportunity to test the accuracy of 
PSM stability and reliability.   
 
      
Figure 4.8 - Mini-Mark   Figure 4.9 - Mini-Mark on Gully Pit  
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A permanent survey team within the Gold Coast City Council coordinates new PSMs 
and checks existing marks. The Senior Surveyor, G Barber (2004, pers. comm., 23 
July) said that they have found good agreement from check measurements to mini-
marks on kerbs (Figure 4.8).  This type of mark (Figure 4.8 & 4.9) are the preferred 
mark of the Gold Coast City Council in developed areas as they are only a fraction of 
the price to install and readily available. Wherever possible, the council will place 
these marks on significant structures, or on the kerb of a gully and grate. Often such 
kerbs are separate lintels over the grate, but many are part of the structure, and last 
quite well. 
 
4.5 Case Study Areas 
 
Four development areas were chosen in the Beaudesert and Gold Coast regions to 
obtain a localised picture of PSM placement.  The areas chosen have a relatively high 
density survey control, and are recent subdivisions.  Windaroo is the oldest estate out 
of the four in the case study and was developed between 1982 and 1984.   
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4.5.1 - Flagstone Development 
 
 
Figure 4.10 - PSM Distribution -Flagstone Development  
 
Figure 4.10 shows the distribution of PSMs within the Flagstone estate.  A site 
inspection showed that a low proportion of these PSMs are inter-visible.  However 
they have generally been placed at significant locations of the development, such as 
road intersections and cul-de-sacs. 
 
The development period for this estate was from 1993 to 2001 and there was 56 
PSMs placed within that time.  The average distance between PSMs is 250m. There 
were two existing PSMs in close proximity to the development placed prior to 1993.   
 
Traversing between PSMs in this estate is not difficult with the existing density of 
marks.  The footpaths are clear and the land is generally flat with a few gullies.  
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Figure 4.11 - Flagstone Stages 
 
In this part of the development, (Figure 4.11) there has been one PSM placed in each 
stage of survey. It is common for at least one PSM to be placed in each stage of 
recent land subdivision in both the Beaudesert and Gold Coast regions.  In the section 
of subdivision shown in Figure 4.11, there is no inter-visibility between the most 
recent and earlier PSMs, although inter-visibility at the construction stage is a 
possibility.   
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4.5.2 - Cedar Vale Development 
 
 
Figure 4.12 - PSM Distribution 
 
In the Cedar Vale development there were no PSMs placed within 100m of an 
existing mark, whilst two PSMs have been placed within 200m of an existing PSM.  
Twenty eight PSMs have been placed in this development since 1991 with the 
average distance between PSMs being 198m. 
 
In the most recent stages of this development there have been seven PSMs placed and 
five survey plans registered.  Prior to the development there were three existing PSMs 
within 500m of the site.   
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Figure 4.13   500m Buffer of good condition marks Cedar Vale 
 
Figure 4.13 shows a 500m radius of marks in good condition, as represented by the 
red areas. The green areas with a 100m buffer are marks with AHD level and 
observed coordinates.  This figure shows the irregular distribution of PSMs with 
geodetic attributes in Beaudesert.   
 
In new estates it is common for surveyors to coordinate PSMs because Council 
requires this for as-constructed information. However in smaller subdivisions and 
boundary realignments PSMs are often only connected cadastrally.  There are areas in 
Beaudesert that have had twelve PSMs placed and coordinated in a development with 
only one registered survey plan. 
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4.5.3 – Windaroo Development 
 
Windaroo is an estate in the Gold Coast which was developed mainly between 1982 
and 1984. 
  
     
Figure 4.14 - PSM Distribution -               Figure 4.15 Standard PSM –  
            Windaroo Development                  Windaroo Development 
 
 
This area has a very high density survey control (Figure 4.14).  A PSM has been 
placed on every road intersection and major bend on the longer roads.  In this estate 
almost every PSM is inter-visible with at least one other PSM, and the majority of 
PSMs are of the standard type (Figure 4.15).  The average distance between marks is 
94m. 
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4.5.4 Robina Development 
 
       
Figure 4.16 PSM Distribution - Robina Development  
 
The above figure (4.16) shows the PSM distribution and the watercourse reserves 
separating the stages of development. The years from 1999 to 2003 mark the 
developmental period for this estate. Since 1999 there have been 22 new PSMs 
placed in the development area and there were 17 survey plans in the development.    
 
There were 17 existing PSMs within 400m of the development prior to 1999. The 
development is divided by parkland, waterways and major roads, which would 
possibly interfere with surveyors making suitable connections to surrounding PSMs.  
The average distance between PSMs is 113m and the closest PSM placed to an 
existing mark is 53m. 
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4.6 Comparison of Developments 
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Figure 4.17 – Mark Types 
 
The results of this graph (Figure 4.17) show a significant number of standard type 
marks being placed in these developments.  In the rural areas, standard and star picket 
PSMs are the most common type of mark used.  The smaller mini-marks are 
restricted to areas with large concrete structures such as road kerbs.   
 
The majority of PSMs placed in Robina are mini-marks.  There is an increasing 
number of this type of mark being used in the Gold Coast region. 
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Figure- 4.18 Comparison of PSM Attributes 
 
All areas show a high percentage of cadastral connection and AHD level (Figure 
4.18). The Gold Coast areas of Windaroo and Robina have a higher proportion of 
coordinated marks than the Beaudesert areas.  All areas have over 95% cadastral of 
PSMs that have been connected cadastrally. 
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Figure 4.19 – Number of PSMs per Survey Plan 
 
Figure 4.19 shows a high number of new PSMs are being placed in these 
development areas rather than connections to existing PSMs.  In Windaroo there is an 
average of 1.6 PSMs placed for every survey plan.  This shows that there could be 
almost two new PSMs connected to every survey plan.  There is a total of 49 survey 
plans in the Windaroo development and 77 standard PSMs have been placed, 
however the majority of this development occurred before regulations were enforced 
to connect surveys to PSMs.   
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Figure 4.20 – Average distance between PSMs 
 
This graph (Figure 4.20) compares the density of PSMs within these development 
areas.  Generally the Gold Coast areas have a higher density of PSMs.  Windaroo has 
an unusually high density of marks for the development period.     
 
4.7 PSM Placement for Smaller Subdivisions - Beaudesert 
 
An analysis of PSM placement for surveys of five lots or less in the Beaudesert shire 
was conducted, and was comprised of 51 surveys completed since the year 2000. 
There is a total of 78 new PSMs placed near these surveys.   
 
Chapter 4: Research Results 54 
Of these marks, 68 PSMs (87% of the total marks placed) had been placed adjacent to 
the survey site.  There were 25 surveys where two new marks were placed, and the 
remaining surveys where one PSM was placed.  The average distance between the 
two placed PSMs was 450m.  Ten of these PSMs were placed at a distance less than 
250m from the survey site.  Investigation of remaining connections for these surveys 
has not been undertaken for this project.  
 
4.8 Summary 
 
The four case study areas show a high percentage of new PSMs placed, which 
indicates that there has not been significant connection to existing survey control.  
Current PSM densities and placement patterns in new estates has been determined, 
and PSMs appear to be placed in positions that suit the survey at the time, not 
necessarily aimed at future connection for other surveys.  
 
The following chapter will include a discussion of the results in order to determine 
the current situation with regard to PSM placement, and incentives that may 
encourage surveyors to connect to existing PSMs. 
 
 
 Chapter 5 
 
Discussion of Research Results 
 
 
5.1 Introduction 
 
This chapter will analyse the results achieved from previous chapters and discuss the 
issues that affect the future development of the survey control infrastructure.  The 
previous chapter identified issues concerning the surveyor’s behaviour with regard to 
the placement of PSMs.  This chapter seeks to identify the recent trends for PSM 
placement.  Processes to achieve a survey accurate DCDB from the development of 
the survey control infrastructure will be reviewed, together with issues affecting the 
surveyor’s awareness of the benefits of connecting surveys to existing PSMs. 
 
5.2 Density of PSMs to Suit Requirements 
 
The comparison of the two adjoining Local Authority areas, as illustrated in Figure 
4.3, has emphasised the varying density of Survey Control throughout Queensland.  
From the analysis of the four case study areas, it has been found that the existing 
PSM density had little effect on the number of new PSMs being placed by surveyors. 
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PSMs are being placed in new Gold Coast estates where the existing density of PSMs 
is sufficient.  Further investigation of the possibility of connecting to existing marks 
would usually be carried out by a field inspection; however this was not in the scope 
of this project and therefore not performed. 
 
In many cases the PSM placement patterns in these areas have indicated the 
surveyor’s intention to develop high density survey control.  It has shown that a very 
high density survey control is a preferred scenario for many surveyors.   
 
Figure 4.20 (Average Distance Between PSMs) shows the distance between PSMs in 
urban areas to be around 100m, while in semi-rural areas the average distance 
between PSMs is 250m.  Scotney (2003) states that the surveyor’s opinion of an ideal 
urban density range is 200 – 400 metres.  The case study areas have a PSM density 
within this range and many urban areas have PSM density of less then 200 metres. 
 
5.3 Current Placement of PSMs 
 
In Beaudesert, subdivision surveys of five lots or less, show that 87% of PSMs are 
placed at the survey site.  This would suggest that marks are being placed in locations 
that best suit the survey being undertaken, rather than at significant nodes in the 
cadastre.  Scotney (2003) found that around 68% of surveyors believe that new marks 
are placed at a location convenient to the survey. 
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Many Local Government Authorities require estates to be connected to the map grid 
for as-constructed surveys.  This system can affect a surveyor’s opinion on 
connecting to existing PSMs.  If all new marks are being coordinated, a high density 
survey control would be of benefit to surveyors for future cadastral re-instatement 
and DCDB upgrade and maintenance.   
 
5.4 Incentives to Placing PSMs 
 
Even in very high density areas, new PSMs are being placed for connection to 
cadastral surveys.  Possible explanations for this trend are: 
 
• Surveyors are unaware of the existence of close PSMs 
• Too expensive and time consuming to search and recover existing PSMs 
• Suitability and ease of placing low cost PSMs such as mini-marks 
 
Scotney (2003) identified the cost of placing PSMs is the primary concern to the 
surveying profession and concluded that ‘the less expensive option is pursued by 
complying with the letter of the regulations, not the principles’. 
 
Currently PSM searching involves purchasing a SmartMap to obtain PSM numbers 
and location, then obtaining a Form 6 for each PSM, which shows the attributes and 
the locality sketch of the mark.  This data is currently obtained over the counter at an 
NRM&E office and the overall process is considered by many surveyors as 
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inefficient (Scotney, 2003). On the other hand, if the surveyor decides to place a 
PSM, a sketch must be made of the PSM (NRM&E, 2004).  The preparation and 
lodgment of this sketch plan can also be a time consuming task.  Many surveyors 
will prefer to traverse to existing PSMs as a more cost effective option than placing a 
new mark and completing a sketch plan (Scotney, 2003).  The surveyor’s decision 
will be determined by factors such as the topography, locality (urban/ rural), the 
distance to existing PSMs, and the surveyor’s office system in handling the drafting 
of PSM sketches. 
 
5.5 Government Regulations 
 
The Regulations under which Surveyors work will always be a major factor in 
determining what type of marks are placed.  The 2004 regulations from NRM&E 
have integrated new guidelines concerning PSM placement that aim at the 
development of a coordinated cadastre.  Section 3.26 states; 
 
‘Examine the density of existing permanent marks in the proximity of the 
survey to determine whether it is necessary to place additional permanent 
mark/s. As a guideline, in urban areas connections should be made to the 
closest existing permanent marks if they are within 500m of the survey.’ 
 (NRM&E Requirements for Surveys, 2004, V2.3, sec3.26 p34) 
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5.6 Connection of Surveys 
 
For the update of the DCDB, geodetic coordinates of PSMs are used to maintain the 
integrity and the accuracy of the data (Devin, K 2004, pers. comm., 8 September), 
however current regulations discourage the practice of showing PSM coordinates on 
the face of survey plans. The main reasons for this are that the PSM may have future 
connections that are more accurate or that network adjustments may change the 
coordinates of the mark.  This may show the coordinate information on the survey 
plan to be misleading or incorrect.  The SCDB is the primary database for co-ordinate 
information of control marks. (NRM&E Requirements for Surveys, 2004, V2.3, 
sec3.14 p25) 
 
Some Local Authority areas in Queensland, in cooperation with NRM&E, are 
currently in the process of producing a DCDB accurate to 0.1m (Devin, K 2004, pers. 
comm., 8 September). An improvement on 0.1m accuracy in Queensland Local 
Authority areas is not yet envisaged.   
 
5.7 PSM Types 
 
Results have shown that there is a significant number of Standard type PSMs being 
placed in semi-rural developments, as seen in Figure 4.17.  For urban areas the mini-
mark appears to be the preferred PSM and will be an important mark for future 
cadastral use. 
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Stability of PSMs is a major problem in many areas and is affected by topography as 
well as location.  A large proportion of the Gold Coast has underlying marine silt. 
This layer is unstable and the general tendency is for the whole topography above it 
to sink as development proceeds. This also causes any PSM in these areas to sink as 
well. 
 
To retain the level datum, the Gold Coast City Council use deep driven marks driven 
to refusal.  One problem faced with this method is that it is unknown if the rod has 
struck a boulder in the silt, or has come to rest on bedrock.  For this reason the 
reliability is still unknown until the PSMs have been tested over a period of time. 
Some surface PSMs have been found to have considerable vertical movement. One 
mark was measured to move 300mm vertically. This is an extreme case; however 
vertical movement of PSMs has proved to be a major problem with the Gold Coast 
survey control. (Barber G, 2004, pers. comm., 23 July). 
 
5.8 Questionnaire Response 
 
Even though there is not much opportunity for checking, eight out of the 22 surveyors 
interviewed had found more errors with the standard mark than with the mini-mark 
on kerbs.  
 
 
 
Chapter 5: Discussion of Research Results 61 
5.9 Digital Lodgment of Plans. 
 
Redland Shire had a method of sending electronic copies of survey plans to NRM&E 
(Beenleigh).  When the plan was registered, it was checked against the electronic 
copy which was then downloaded into the DCDB.  Currently most survey plans are 
entered into the DCDB by bearing and distance.  A common datum line is used and a 
close operation is used as a check.  The meridian swing is taken from the datum line.  
If coordinates of PSMs are shown on the survey plan they are generally not used to 
improve the accuracy of the DCDB unless they are first order.  (Devin, K 2004, pers. 
comm., 8 September) 
 
5.10 Further Research 
 
Some Queensland LGAs are currently involved in improving the DCDB accuracy.  
These areas include Redcliffe, Toowoomba, Caboolture, Harvey Bay, Redland, 
Ipswich, Atherton, Mackay, and Noosa.  It has proved to be too expensive and 
impractical to get a better accuracy than 0.1m, even in urban areas.  Rural areas have 
much less accuracy (0.5m and greater) due to the older plans and larger miscloses.   
(Devin, K 2004, pers. comm., 8 September).   
 
Research into the processes of upgrading the DCDB to survey accuracy would help 
identify the optimum densities and the required attributes of PSMs.  It would also 
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help to determine the ability of the current PSM infrastructure to satisfy the needs of 
the State, the public and surveyors. 
   
5.11 Summary 
 
The current placement patterns of PSMs have shown that the majority of marks are 
being placed primarily for cadastral connections, according to the requirements of 
two PSMs on all plans.  With coordinated PSMs and digital lodgement of plans, 
cadastral integrity in the future will be greatly enhanced and an accurate DCDB will 
be an obvious outcome.   
  CHAPTER 6  
 
CONCLUSION 
 
6.1 Conclusion  
 
The objective of investigating recent trends in PSM placement and connection has 
been achieved and guidelines for the future suggested. The main research component 
comprised of SCDB analysis of four case study areas in south east Queensland and 
the investigation covered areas of PSM density, condition and attributes.  The 
majority of PSMs being placed in new estates, where the LGA requires coordinated 
PSMs, has produced groups of high density survey marks which will benefit the 
cadastral integrity of these areas.   
 
Where coordinates are not a requirement, traversing to existing marks will be a means 
to bring more marks into a strong network; so the new regulation to connect to marks 
within 500 metres will show good results in the future.  Where LGAs require 
coordinated as-constructed surveys, a good network of PSMs is the result.   
 
Finance is the obvious hurdle to widespread use of this method.  Where a LGA 
establishes a base network of PSMs or even does the work of coordinating all new 
PSMs, the scheme works smoothly.  Government funding for LGAs to coordinate 
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PSMs in their region would be a major step forward in the upgrade of the SCBD.  
Sale of DCDB information to the public provides a significant source of revenue 
which could be useful in establishing this system.  An accurate and reliable survey 
control network is the foundation for the development of a survey accurate digital 
cadastre. 
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Module level code 
 
Type Point 
    E As Double 
    N As Double 
End Type 
 
Type PointInfo 
    P1 As Point 
    P2 As Point 
    P2Num As Long 
    MD As Variant 
End Type 
 
Option Base 1 
 
Form level code 
Form has command buttons named cmdProcess and cmdExit. A Common 
dialog control named CD1 is also present on the form. 
 
Dim Buff, Infile, Outfile As String 
Dim Data() As PointInfo 
 
Private Sub CmdExit_Click() 
Unload Me 
End Sub 
 
Private Sub cmdProcess_Click() 
On Error GoTo CancelError 
CD1.InitDir = App.Path 
CD1.Action = 1 
Infile = CD1.FileName 
Process 
MsgBox ("File processing completed") 
End 
Exit Sub 
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CancelError: ‘to handle case of cancel button pressed in file open dialog 
If Err = 32755 Then 
    Exit Sub 
Else 
    MsgBox ("Unexpected error in Process_click event") 
End If 
 
End Sub 
 
Sub Process() 
Dim Comma, DotPos, L As Integer 
Dim Index, LineCount, Current, Searching, SumXYSquared, Dist, MinDist As Long 
Dim InBuff, OutBuff As String 
Dim XDist, YDist As Double 
 
Open Infile For Input As #1 
 
LineCount = 0 
Do Until EOF(1) 
   Line Input #1, InBuff 
   LineCount = LineCount + 1 
Loop 
Close (1) 
ReDim Data(LineCount) ‘set the size of the storage array required 
 
Open Infile For Input As #1 
Index = 1 
    'read all InData and extract Easting & Northings 
Do Until EOF(1) 
    Line Input #1, InBuff 
    'get length of line 
    L = Len(InBuff) 
    'find comma position 
    Comma = InStr(InBuff, ",") 
    'extract Easting & Northing of point 
    Data(Index).P1.E = Mid(InBuff, 1, Comma - 1) 
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    Data(Index).P1.N = Mid(InBuff, Comma + 1, L) 
    Index = Index + 1 
Loop 
Close (1) 
 
'Point1 data (Easting & Northing) Stored - Ready to process InData 
 
For Current = 1 To UBound(Data) 
    MinDist = 100000000 '"LonG" ranging in value from -2,147,483,648 to 2,147,483,647 
    For Searching = 1 To UBound(Data) 
        'calculate the distance and compare it 
        If Searching <> Current Then 
            XDist = (Data(Searching).P1.E - Data(Current).P1.E) 
            YDist = (Data(Searching).P1.N - Data(Current).P1.N) 
            'need to deal with case of xdist etc being negative 
            'that will cause the sqr function to fail 
            'use abs to return positive values from negative 
            SumXYSquared = (Abs(XDist) * Abs(XDist)) + (Abs(YDist) * Abs(YDist)) 
            Dist = Sqr(SumXYSquared) 'dist from the current point to point 1 
            If Dist < MinDist Then 
                MinDist = Dist 
                Data(Current).MD = Dist 
                Data(Current).P2.E = Data(Searching).P1.E 
                Data(Current).P2.N = Data(Searching).P1.N 
                Data(Current).P2Num = Searching 
            End If 
        End If 
    Next Searching 
 
Next Current 
'write out the data 
 
Outfile = "New" & Infile 
 
Open Outfile For Output As #1 
 
Write #1, "Point ID, Easting, Northing, Nearest Point ID, Easting, Northing, Distance" 
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For Current = 1 To UBound(Data) 
    Write #1, Current, Data(Current).P1.E, Data(Current).P1.N, Data(Current).P2Num, 
Data(Current).P2.E, Data(Current).P2.N, Data(Current).MD 
Next Current 
 
Close #1 
End Sub ‘ new file ready for processing in Excel to extract further data. – Comma delineated 
text file. 
 
 
(O’Callaghan M, 2004) 
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Coordinated Marks in Beaudesert Shire
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Graph 1 – Placed and Coordinated Marks in Beaudesert Shire 
 
 
Coordinated marks in Cold Coast Shire
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Graph 2 – Placed and Coordinated Marks in the Gold Coast City 
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Cadastrally connected PSMs
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Graph 3 – Number of PSMs with Cadastral Connection 
 
Connection of Permanent Marks to Cadastral Boundaries
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Graph 4 – Percent of PSMs placed with cadastral connections 
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Percent of marks placed coordinated by GPS
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Graph 5 – Percent of Placed Marks Coordinated by GPS 
 
Trig Connected marks placed
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Graph 6 – Percent of Placed Marks Coordinated by Trigonometric Connection 
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Graph 7 - Comparison of Cadastral Connections since 1998 
 
Table 1 – PSM Types placed in Beaudesert and Gold Coast since 1998 
 
 
 
 Beaudesert Gold Coast 
Standard 84 601 
Star Picket 207 50 
Steel Pipe in Concrete 2 0 
Steel Pin in Concrete 86 620 
Steel Bolt in rock 1 0 
Steel Bolt in Concrete 10 77 
Metal Bolt in Ground 1 0 
Iron Bolt in Concrete 1 0 
Brass plug in Concrete 2 0 
Brass Plaque in Concrete 2 1 
Bolt in Concrete 17 2 
Deep driven mark 2 1 
Unknown 36 0 
